Abstract. To predict the production scheduling performance in a shop floor, an intelligent method based on a modified league championship algorithm is proposed. The method overcomes the problems like premature, being stuck to local minima, etc. A new match schedule is introduced to enhance the competition capability for every single team. One scheme for updating the team member is presented to diversify the population. The application of the proposed method on the production scheduling showed that the novel approach could provide accurate prediction of scheduling performance indexes and is capable of being used in the real world shop floor.
Introduction
Since genetic algorithm [1] inspired by the process of natural selection was proposed by Professor Holland in 1975, artificial intelligent computing has made much progress. Kirkpatrick et al showed how the simulated annealing method [2] for approximating numerical simulation of the behavior of a many-body system at a finite temperature and applied it on combinatorial optimization. Tabu search [3, 4] , created by Fred W. Glover formalized in 1989 is a metaheuristic search method employing local search methods used for mathematical optimization. Dr. Dorigo [5] presented ant colony optimization inspired by the real ant colonies foraging. In 1995, originated from the flocking behavior of birds, particle swarm optimization (PSO) [6] was proposed for complex optimization problems. In decades, the intelligent optimization algorithms have widely been applied in many areas, such as transportation [7] , power [8] , Communication [9] , Manufacturing [10] , and so on.
League championship algorithm (LCA) proposed by Dr. Kashan [11] is a novel population based algorithmic framework for global optimization. The core idea of LCA is originated from the competition process of league teams. However, the original LCA is still easily being stuck to local optima, which causes that the global exploration and local exploitation are not balanced. In this paper a modified LCA method is proposed to avoid the above issues, and is applied on the scheduling performance prediction in a practical plant.
Original League Championship Algorithm
LCA has a population called "league" with L sport teams. Each team is composed of D individuals. The team who has the best "playing strength" f is the champion. The formation of team
where S is the season amount, and the best formation of team i until iteration t is 1 2 { , ,..., ,...., }
The match schedule must be preset first. A single round-robin schedule is utilized in which each team competes against every other team once in each season. In order to win the every match, each team has to design the formation according to the competitor which is played against. The SWOT matrix is employed. The strengths (S) and weaknesses (W) of the team as well as the opportunities (O) and threats (T) are focused.
Assume that team i has competed against team j, and team l against team k at round t. The updating way at round t+1 is given by: q is calculated by using the truncation geometric distribution method [12] , which is defined as follows:
where r is random number in the range of [0,1], pc is the preset parameter in (0,1).
Modifications on League Championship Algorithm
In the modified LCA (MLCA), the competitor is different for each team at each season. The new schedule rules are shown as Figure 1 , in which n is the team number fixed in current season, and the schedule arrangements of other teams change in clockwise. 
The modification strategy is max min
where Rij is the individual neighbor space; m is the current step, m=1,2,…,T; T is the step limit per walk, which is preset.
Prediction on Production Scheduling Performance
In a shop floor of a discrete plant, the production scheduling problem is studied in order to further prove the effectiveness of the modified LCA method. The product from the shop floor is composed of ten parts and four subassemblies which would be machined and assembled through many steps. Under given conditions, such as material availability, machine availability, machine downtime, unit processing time, etc., the scheduler's decisions influence the key performance index of production scheduling, i.e. the working time completion rate for 14 parts or subassemblies.
A mathematical model with feed-forward neural network (NN) structure is established to describe the complex nonlinear relationship between scheduler's decisions and the working time completion rate. The parameters of the model is identified by using the proposed MLCA. The parameter settings of MLCA-NN are in the following: league size L=30; season amount S=100; c1=c2=0.5; pc=0.01.The training and testing results based on MLCA-NN are illustrated in Figure 2 . The figures indicate that MLCA-NN could fit the actual values well and is capable of predicting the working time completion rate. The good generalization is satisfying. For further evaluating the performance of MLCA, PSO and LCA combined with the same structure of neural network as above are employed to establish two single scheduling models. The mean square error (MSE) comparison is illustrated in Table I . In general, the generalization capability is the primary concern. It is illustrated that the MSE of MLCA-NN for test purpose is much smaller than those of PSO-NN and LCA-NN though its training error is larger. For the working time completion rate, MSE of the testing results by using MLCA-NN is reduced by 56.16%, 41.34% in the comparison with PSO-NN and LCA-NN respectively. The comparison results imply that the MLCA-NN model could provide reliable prediction on production scheduling performance and is suitable for application in the real-world shop floor. In general, the neuron amount in the hidden layer is very critical for the prediction and generalization capability of the neural network. Thus, a separate simulation on choosing different neuron amount of hidden layer is carried out. The performance of MLCA-NN with different amount of hidden neuron is shown in Table II . Along with the increasing of hidden neuron, the computing time by using the proposed model grows dramatically as shown in Figure 3 . Meantime, the MSE for training data reduces while the testing MSE increases overall, illustrated in Figure 4 . The analysis implies that different hidden neuron amount affects the performance of neural network greatly. It is necessary for good generalization capability of NN to choose appropriate neuron amount in hidden layer. Computing time by using MLCA-NN with different hidden neuron amount Figure 4 .
MSE by using MLCA-NN with different hidden neuron amount for (a) traning data and (b) testing data
In addition, for MLCA method, the league size and season amount are two important adjustable parameters. Actually, the competition round number that is the product of league size and season amount reflects the behavior of latter two parameters. The MLCA-NN with different round number is studies for test purpose and the performance is shown in Table III . Similar to the variety of hidden neuron, the computing time increases along with the growth of round number in Figure 5 . The training MSE reduces gradually, but the testing MSE is nearly unchanged when the round number exceeds 1500 as shown in Figure 6 . Therefore, the small round number should be chosen to save the time consumption. Computing time by using MLCA-NN with different round number Figure 6 .
MSE by using MLCA-NN with different round number for (a) traning data and (b) testing data
Conclusion
A modified league championship algorithm is proposed to solve the drawbacks of the original algorithm like premature, slow convergence speed, etc. A novel match schedule is designed to diversify the formation of the sports teams. Free search operation is introduced to balance the global exploration capability and local exploitation capability. The MLCA is further used to evaluate the production scheduling performance in a practical shop floor. The results verified that the MLCA based neural network is very suitable for prediction on production plan and scheduling performance.
